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METHOD AND APPARATUS FOR ELECTRONICALLY EMBEDDING 
DIRECTIONAL CUES IN TWO CHANNELS OF SOUND 

FIELD OF THE INVENTION 

The present invention relates to a method and apparatus for 
processing sound, and more specifically, to a method and apparatus 
for providing two channels of sound that emulate sound produced 
from multiple directions. 

BACKGROUND OF TKF TNTVENTTON 

The quality and realism of the sound produced by the sound 
systems in movie theaters continues to improve. The realism is 
produced by using a technique commonly referred to as surround 
sound wherein multiple sound tracks are recorded and the sound 
from each of the tracks are played back in speakers that are located in 
different directions relative to the audience. Currently, many feature 
films are recorded using seven sound tracks. The seven sound tracks 
typically include a left surround sound track and a right surround 
sound track. The left surround sound track is played back through 
one or more speakers that are behind and to the left of the audience. 
The right surround sound track is played back through one or more 
speakers that are behind and to the right of the audience. The 
remaining five tracks are played back through speakers that are at 
various angles in front of the audience. Some films have an eighth 
track that is played back through a subwoofer. The sound 
produced by typical home stereo systems does not approach the sound 
realism provided by surround sound in movie theaters. Most home 
stereo systems reproduce stereo sound in two speakers that are 
typically located in front and to each side of the listener. More 
sophisticated home stereos are able to reproduce the surround 
channels. The most sophisticated home stereo systems have eight or 
more speakers and can reproduce all eight sound tracks. However, 
such home stereo systems are relatively expensive. 
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In addition, surround sound signals generated for movie 
theater sound systems and home systems do not readily adapt to head 
phones as head phones isolate the sounds going to each ear. This is 
quite different from a movie theater surround sound system, for 
example, which provides sounds coming from a number of speakers 
which are detected by both ears of the listener. 

The sound used in computer applications has also improved. 
In the past, computer programs did little more than generate beeps 
with varying durations and frequencies. Currently, some computer 
programs are able to generate stereo sound with a sound quality that 
rivals audio CDs. Some sound adapters allow users to connect sound 
cards to home stereo equipment so that the sound generated by 
computer programs (especially computer games) may be reproduced 
with minimal distortion. In spite of such improvements, the sound 
produced by computer applications does not approach the sound 
realism provided in movie theaters. 

SUMMARY OF THE INVENTION 

The system and method of the present invention provides 
surround sound effects through a two channel system. In one 
embodiment, the first channel is connected to one speaker (e.g., the 
right speaker) of a headset and the second channel is connected to the 
other speaker (e.g., the left speaker) of the headset. Thus, surround 
sound effects, including providing effects to distinguish front and rear 
sound sources, are provided through headsets which isolate the sound 
provided to right ear and the left ear of the listener. Alternately, the 
signals are output to a two speaker system, enabling surround sound 
effects to be output through home stereo systems which may or may 
not be configured specifically for surround sound. 

The system receives multiple channels of audio. Each channel 
input is identified as corresponding to a position relative to a listener. 
The input includes channels providing front signals and channels 
providing rear signals. Each signal is processed to provide input to the 
two (e.g., right and left) output channels. 
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Modified head related transfer functions (HRTF) are applied to 

each rear sound signal. In one embodiment, the modified HRTF is 

generated by removing the HRTF corresponding to the front center 

signal from the HRTF that corresponds to each rear signal and 

applying the corresponding difference HRTF to each rear signal. This 

provides the audible effect of distinguishing more clearly sounds 

originating in front of the listener from sounds originating from the 

rear of the listener without substantially reducing the final quality of 

the signal. Additional spatial cues are then supplied to the rear sound 

signals. Some spatial queues, which include level adjustments and 

time delays, function to move the sounds to the right and left of the 

user and vary according to whether the sound signal is to be output to 

the right channel or the left channel. In an alternate embodiment, 

spatial cues are provided on the rear sound signals by selectively 

inverting the phase of one of the rear sound signals. Furthermore, in 

another embodiment a 90° phase shift relative to the front signals is 

appUed to the rear signals to provide some compatibility with some 

popular surround sound decoders. 

Once spatial cues have been provided, the signals to be output 

to the right channel are combined. Similarly the signals to be output 
to the left channel are combined. The resultant combined signals 
containing the spatial cues can then be output to a two speaker system, 
standard surround sound system or headphones. 

BRIEF DESCRIPTION THE DRAWINGS 

The present invention is illustrated by way of example, and not 
by way of limitation, in the figures of the accompanying drawings and 
in which like reference numerals refer to similar elements and in 
which: 

Figure la is a block diagram representation of one embodiment 
of the system of the present invention. Figure lb is a block diagram 
representation of another embodiment of the system of the present 
invention. Figure lc is a block diagram representation of another 
embodiment of the system of the present invention. 
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Figure 2 is a simplified flow diagram of one embodiment of the 
process of the present invention. 

Figure 3 is a block diagram representation of one embodiment 
of elements that process surround sound signals in accordance with 
the teachings of the present invention. 

Figure 4 is a block diagram representation of one embodiment 
of a system for converting a multiplicity of signals to two channels in 
accordance with the teachings of the present invention. 

Figure 5 is a block diagram representation of another 
embodiment of a system for converting a multiplicity of signals to two 
channels in accordance with the teachings of the present invention. 

DETAILED DESCRIPTION 

The sound waves detected by human ears have different 
characteristics based on the position of the source of the sound waves 
relative to the listener. For example, the sound waves generated by a 
sound source that is located to the front left of a listener will be 
detected by the left ear before they will be detected by the right ear. In 
contrast, the sound waves generated by a sound source which is to the 
front right of a listener will be detected by the left ear after they are 
detected by the right ear. These timing differences, as well as volume 
and frequency response differences, provide cues through which the 
human brain determines the direction from which a sound is 
produced relative to the listener. Such cues are referred to hereafter as 
sound direction cues. 

In modern movie theaters, listeners perceive that sounds 
originate from various positions relative to the themselves because 
the sounds are in fact being reproduced by speakers located at those 
various positions. A surround sound system is typically configured 
with seven speakers plus subwoofers. Six of the speakers are located 
in front of the listener, left, left center, center, right center, right and 
subwoofer . Two surround sound speakers, left surround and right 
surround, are located to the rear of the listener. Thus, the audio 
channels to be output through the different speakers are generated to 
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provide audible directional cues to the listener- For example, a sound 
that is intended to be heard from the left is played in a speaker located 
to the left of the listener. Similarly, a sound that is intended to be! 
heard from the back right is played in a speaker located to the back 
right of the listener. 

Feature films typically have numerous sound tracks. Each 
sound track is intended to be played from a different position relative 
to an audience. Thus, speakers to the left of an audience may playback 
one sound track while speakers directly in front of the audience 
playback another sound track and speakers to the right of the audience 
play yet another sound track. In sophisticated theaters, eight sound 
tracks are played back from eight different positions relative to the 
audience. 

The system and method of present invention translates sound 
signal from multiple sound tracks onto two channels in such a way as 
to reproduce during playback of the two channels of sound similar 
audible directional cues that would be produced by a state of the art 
movie theater sound system. Consequently, the sounds generated are 
perceived as if the sounds are originating from speakers that surround 
the listener. 

One embodiment of the system is described with reference to 
Figure la. Frequently sounds are processed digitally. Therefore, in 
one embodiment, the system 100 is configured with input circuitry 110 
to receive the surround sound signals 115. A processor 120 performs 
the functions described below to translate the surround sound signals 
to two channels of sound while maintaining the directional cues to 
enable the listener to distinguish the locations of origins of sounds. 
In some embodiments a math coprocessor 130 may be used to perform 
computations involved with the translation process. Memory 125 is 
included for storage of signal representations as well as the code 
executed by the processor to perform the functions described below. 

Output circuitry 135 outputs the two channels. The two 
channels of sound can then be recorded on sound medium, e.g., 
videotapes, digital video disks (DVD), compact disks (CD), audio tapes, 
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etc for subsequent playback by a listener on commercially available 
home stereo, personal stereo equipment, or computer equipment 
Alternately, the output circuitry may include a driver for driving 
speakers or stereo headphones 140. It is readily apparent that other 
configurations, from general purpose computer systems executing 
software configured to perform the below described processes to 
specially configured digital signal processors, and analog or digital 
circuitry, can be used. 

Figure lb is a simplified block diagram of an alternate 
embodiment of a system 150 which receives the multiple channel 
input through input circuitry 155. Logic 160 performs the translation 
functions to generate two channels of sound which are output 
through output circuitry 165. 

The system of the present invention can be embodied in a 
variety of systems providing a variety of functions. For example, as 
shown in Figure lc, an existing surround sound decoder system 175 
can be configured such that the decoder 180 generates multiple (e.g. 
eight) surround sound outputs for output to surround sound speakers 
(not shown) or for input to conversion circuitry 185 that translates the 
multiple channel surround sound input to two channels (LT,RT). 
Such a system can concurrently output both sets of channels or further 
include a switching mechanism (not shown) to selectively choose 
multiple channel surround sound output or two channel output with 
surround sound effects. 

The process for generating two channel output containing 
audible directional cues will generally be described with reference to 
Figure 2. At step 210, the surround sound channels are received. For 
purposes of explanation, the terms surround sound channels and 
surround sound signals are used to represent multiple channels of 
sound that are intended to be played out of speakers at different 
locations relative to the listener. However, the present invention is 
not limited to a surround sound configuration, but can be applied to 
any multiple channel sound that makes use of audible directional 
cues. 
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Head related transfer functions (HRTFs) were developed to 
correspond to spherical directions around the head of the listener. The 
HRTFs are applied to sound signals to provide audible directional cues 
in the sound signals. The application of the unmodified HRTFs to the 
surround sound signal provides directional cues in a two channel 
output at the cost of sound quality. In particular, signals to which the 
unmodified HRTFs have been applied experience an undesirable 
amount of spectral boost and attenuation. Typically, the signals 
generated by such a process produce a low quality signal suitable for 
bandwidths in the 5KHz range. Although for voice applications this 
may be sufficient, it is undesirable when full bandwidth signals are 
needed, such as signals typically with bandwidths up to the 18KHz 
range. Thus for applications such as movie soundtracks and high 
quality computer generated audio, such spectral boost and attenuation 
is undesirable. 

To overcome this shortcoming, in one embodiment, the HRTFs 
are modified to factor out the frequency response of the HRTF 
corresponding to one of the front channels. Preferably, the HRTF for a 
front channel, such as the front center channel (HRTF C ), step 215, is 
factored out from the HRTFs for the surround sound channels (left 
and right channels): left surround, left channel output (HRTFisl), left 
surround, right channel output (HRTFisr), right surround, right 
channel ouptut (HRTFrsr)/ right surround, left channel output 
(HRTFrsl). Alternately, the HRTF for a front channel is factored from 
all the channels e.g., left front, right channel output (HRTFir), left 
front, left channel output (HRTFn), left center, left channel output 
(HRTFid), left center, right channel output (HRTFlcr)/ right center, 
right channel input (HRTFrcr), right center, left channel output 
(HRTFrd), right front, left channel output (HRTFrl), right front, right 
channel output (HRTF rr ), center front, right channel output 
(HRTFcr), center front, left channel output (HRTFcl), left surround, 
right channel output (HRTFisr), left surround, left channel output 
(HRTFisl)/ right surround, left channel output (HRTFrsl)/ rigbt 
surround, right channel output (HRTFrsr)- 
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Preferably, the HRTF of the selected channel is removed from 
the HRTFs of the surround channels by subtracting the HRTF of the 
selected front channel from the HRTFs of the surround channels. By 
removing the HRTF of the selected front channel before applying the 
HRTFs to the corresponding signals, improved quality, high 
bandwidth audio signals are generated as the modified HRTF applied 
does not function to significantly modify the perceived bandwidth of 
the signal. In addition, the modified HRTF further delineates sounds 
originating from the front and rear resulting in 360 degree, high 
quality sounds. In implementation, the modified HRTFs can be 
computed a variety of ways. For example, the difference between the 
rear and the front HRTF values at each particular frequency (e.g. 
IKHz, 2KHz, 3KHz, etc.) specified are determined to compute the 
modified HRTF, 

Other embodiments that remove the HRTF of die selected front 
signal can also be used. For example, in one embodiment, the selected 
front HRTF is removed from both surround channels. Preferably the 
HRTF for the center front channel is used. Alternately, the same 
selected front HRTF need not be applied to both surround sound 
HRTFs. For example, the HRTF for the front left or left center signal 
can be removed from the HRTF of the left surround signal and the 
HRTF of the right or right center signal can be removed from the 
, HRTF of the right surround signal. In addition, the HRTF of a 

selected front channels(s) may be removed from the HRTFs for all the 
front signals and the surround signals and still achieve desirable 
results. 

In most cases, excluding the use of stereo headphones, a sound 
from the left of the listener is heard in both in the left ear and right ear 
of the listener. Under similar listening conditions, a sound from the 
right of the listener can be hard in both the right ear and left ear of the 
listener. In most situations, sounds that are perceived to be coming 
from one side of the listener is also heard in the ear that is opposite to 
the side that it is perceived to be coming. While being a relatively rare 
event, this is not the case with a listener using stereo headphones. In 
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the case if the listener using stereo headphones, a sound that is 
emitted exclusively from the left speaker of a stereo headphone, for 
practical purposes, is exclusively heard with the left ear- Conversely, 
in the case of the listener using stereo headphones, a sound that 
emitted exclusively from the right speaker of a stereo headphone, for 
practical purposes, is exclusively heard with the right ear. Since it is a 
relatively rare event for a person to be listening to sounds with stereo 
headphones, it can be perceived as unnatural or disturbing to the 
listener to be hearing sounds exclusively in one ear or the other- To 
counteract this negative perception, in the preferred embodiment, 
sounds that are to be perceived to be coming from one side of the 
listener are added to the channel that is to be heard with the opposite 
ear. Since doing so tends to diminish the listener's perception of a 
sound being emitted either from the left or right, further spatial cues 
are added to the signals in step 220 to distinguish sounds in the right 
to left directions as heard by the right ear for the left channel, and the 
left ear for the right channel. 

These cues are typically applied to the signals representing 
sounds sources apposite to the output channel; e.g., applied to the left 
and left center signals to be output to the right channel, and right and 
right center signals output to the left channel. Spatial cues can be 
provided via signal level modification and/or time delays added to 
the signals. For example, a signal that has a point of origin to the left 
will be perceived as louder to the left ear than to the right ear. Thus 
the level of the left signal output through the right channel may be 
adjusted down relative to the level of the left signal output through 
the left channel/or the level of the left signal output through left 
channel may be adjusted up relative to the level of the left signal 
output through right channel. Similarly, that signal will be heard in 
the left ear before the right ear as the sound takes time to travel the 
distance to the right ear. Thus a delay may be added to the signal 
output through the right channel, and/or the left channel. 

The amount of delay, and level control is preferably empirically 
determined. However, the amount of level adjustment and/or delay 
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added should be enough to provide the desired spatial cues, but not 
too much that the listener perceives either an echo in the signal, or 
that the signal indicates an origin too far away the center, or the signal 
indicates an origin too far towards the center. A balance of the left and 
right level controls for each signal can be set to achieve what might be 
considered an acceptable left to right placement of each sound image. 
If it is desired that the sound image for a signal be perceived to be 
further from the center than what can be achieved using only level 
controls, a delay can be added to the signal that is sent to the channel 
that is opposite to the direction from which the sound is heard. The 
greater the delay, the further from the center the sound image is 
heard. This holds true until an echo is heard by the listener. 
Therefore, in the present embodiment, a difference in the level 
between the signal being sent to the channel on the side that it is 
heard and the signal being sent to the channel on the opposite side 
that it is to be heard is within the range of 0 dB to 90 dB of the signal 
on the same side and the delay of the signal being sent to the channel 
on the opposite side that it is to be heard is within the range of 0 
milliseconds to 3 milliseconds. 

In addition, compensation delays are added to various audio 
signals such that the signals are output concurrently with the other 
signals. Compensation delays are desirable as the processing 
performed on some signals typically take a different amount of time to 
perform than the time to perform processing of other signals. The 
compensation delay for each signal should be set so that all signals are 
outputted at the appropriate time, regardless of incidental processing 
time. 

Although in one embodiment described above, level controls, 
modified HRTFs, and time delays provide some audible spatial cues, it 
is apparent that other signal processing procedures can be applied to 
provide spatial cues. For example, in an alternate embodiment, the 
phase of one signal for each surround channel is inverted. Preferably 
the phase of the signal on the same side as the perceived final output 
channel is inverted. For example, preferably the left signal of the left 
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surround channel that is subsequently output through the left total 
(LT) channel is inverted. Similarly, the surround signal of the right 
surround channel that is subsequently output through the right total 
channel (RT) is inverted. 

Once the signals are generated for the two output channels (RT 
and LT) the signals are combined to generate the two channels (RT 
and LT) that can subsequently be played through a two speaker system, 
such as stereo headsets, step 230. 

Figure 3 is a simplified block diagram of one embodiment of the 
functional blocks through which the surround signals (LS and RS) are 
processed. As mentioned earlier, these functional blocks can be 
implemented through hardware, such as logic circuits, software which 
is executed by a processor or a combination of hardware and software. 

Referring to Figure 3, each surround signal is processed 
independently but with common processing steps to produce two 
output channels. Each surround signal (LS and RS) is first optionally 
phase shifted 90 degrees relative to a front signal, block 300, 305. This 
circuit 300, 305 is preferably included when the output signals (LT 360 
and RT 365) are input to a commonly used surround sound decoder. 
A variety of implementations can be used. For example, in one 
embodiment, a Hilbert transform is utilized to perform the phase 
shift, (see, e.g.) Oppenheim, A. and Schafer, R, Discrete Time Signal 
Processing, pp. 662-686, (Prentiss-Hall, 1989). 

A copy of each signal is made and input to a first sequence of 
circuitry (e.g., 310) for subsequent output as left channel (LT 365) and 
to a second sequence of circuitry (e.g., 315, 312) for output as right 

channel (RT 360). 

The first sequence of circuitry 310 processes the copy of the 
input signal (LS or RS) that is subsequently to be output to the same 
side (e.g., LT or RT, respectively). Thus, with respect to the left 
surround (LS) signal input, the copy subsequently output to the left 
total output (LT 365) is processed by modified HRTF, frequency 
response alteration circuit 310, for the left surround, left channel 
output (HRTFlsl). As described above, the HRTF is modified 
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preferably by removing the HRTF of a selected front signal from the 
HRTF to be applied to the input signal. It has been determined that 
removal of a selected front HRTF component from the surround 
signals enhances the front/rear spatial cues to enable a listener to 
better distinguish between sounds originating from the front from 
those originating from the rear. This enhancement is achieved with 
little detrimental effect on the perceived bandwidth of the signals. 
Preferably the frequency response alteration circuit 310 is a 9 tap finite 
impulse response (FIR) filter. 

The output of circuit 310 is input to combination circuitry 355 
for the left total (LT) channel 365. Combination circuitry 355 combines 
all the signals, front and surround, to be output through the left 
channel 365. Combination circuitry 350 similarly functions to 
generate the combined signal to be output as the right channel 360. 

The second sequence of circuitry 315, 312 processes the copy of 
the input signal that is to be output subsequently to the opposite side. 
Thus, with respect to the left surround signal input, the copy 
subsequently output to the RT output 360 is processed by modified 
HRTF circuit 315, and spatial cue circuit 312 which includes level 
control time/ delay circuit 320 and phase disturbance circuit 325. The 
modified HRTF circuit 315 applies to the input signal a modified 
HRTF that corresponds to the difference between the HRTF of a 
selected front signal and the HRTF for the left surround signal, right 
side. 

Level control time/delay circuit 320 processes the signal output 
from circuit 315 to adjust the left/right directional cues. As the 
original signal input is one intended to be output to a speaker located 
to the left of the listener in a surround sound setting, the listener 
would incur a delay in detecting the sounds in the right ear. 
Therefore level circuitry 320 compensates for these differences. 
Alternately, level circuitry 320 can be replaced with delay circuitry or a 
circuitry that enables levels and delays to be controlled. 

Phase disturbance circuit 325 enhances the directional cues that 
distinguish between sounds originating from the front and the rear. 
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In one embodiment, the phase disturbance circuit 325 adds delays to 
the signal output from circuit 320; in another embodiment, the phase 
disturbance circuit 325 inverts the phase of the signal. 

Similar circuitry is used to process the right surround signal. 
An optional 90 degree phase shift relative to the front signal is applied 
to the right surround signal input by circuit 305. The signal is then 
processed through a first sequence of circuitry 345 and second sequence 
of circuitry 330, 335 and 340 for input to combination circuitry 350 and 
355, respectively. 

The modified left surround and right surround signals may be 
combined with front signals that are modified or unmodified. These 
embodiments are illustrated in Figures 4 and 5. In particular, Figure 4 
illustrates one embodiment in which modified HRTFs are applied to 
the front signals. The modified HRTFs are generated by subtracting 
the HRTF of the selected front signal from the HRTF corresponding to 
the input channel. In addition, level control time delay adjustment 
circuits process the signal directed to the output channel opposite to 
the side of the input channel. For example, circuit 405 is applied to the 
left signal that is output to the right total (RT) channel 410. In 
addition, compensation delays, e.g., 450, 455, 460, 465, 470, 475, are 
added where needed to maintain proper timing relationships among 
signals. 

The left surround (LS) and right surround (RS) inputs are 
processed in a manner similarly to that described with respect to 
Figure 3. The subwoofer signal 440 may be processed through a 
modified HRTF; alternately, as is illustrated in Figure 4, the subwoofer 
signal may be processed through a low pass Hlter 445, preferably with a 
cutoff frequency set at 250 KHz, for input to the LT and RT channels. 
The modified front and rear (surround) signals are output to 
combination circuits 420, 425 and are combined into two channels, LT 
430 and RT 410. 

Figure 5 illustrates an alternative embodiment in which a level 
adjustment and/or time delay is selectively applied to the front 
signals, 505, 510, 515, 520, 525 and output the combination circuits 530, 
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535- The delay level adjustment circuits 540, 545, 550, 555 adjust the 
levels and/or apply the time delays to the signals to provide left/right 
directional cues. Preferably, compensation delays (not shown) are 
added such that the proper timing between signals is maintained. The 
rear signals 540, 545 are modified in accordance with the teachings of 
the present invention to provide spatial cues necessary for a listener to 
audibly distinguish the locations of sound sources. 

The invention has been described in conjunction with the 
preferred embodiment. It is evident that numerous alternatives, 
modifications, variations and uses will be apparent to those skilled in 
the art in light of the foregoing description. 
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CLAIMS 

What is claimed is: 

I. A method for generating two channels of sound signals 
from a multiplicity of sound signals, said multiplicity of sound signals 
comprising a first plurality of front signals and second plurality of rear 
signals, said method comprising the steps of: 

applying modified head related transfer functions to the second 
plurality of rear sound signals to generate modified rear sound signals, 
said modified rear signals comprising signals identified as 
corresponding to the first channel and signals corresponding to the 
second channel; 

said front signals comprising signals identified as corresponding 
to the first channel and signals corresponding to the second channel; 

combining the signals corresponding to the first channel to 
generate a first combined signal; and 

combining the signals corresponding to the second channel to 
generate a second combined signal. 

2. The method as set forth in claim 1, wherein the modified 
head related transfer function is the difference between a selected front 
head related transfer function and a rear head related transfer function 
that corresponds to the rear sound signal the modified head related 
transfer function is applied to. 

3. The method as set forth in claim 1, further comprising 
the step of applying modified head related transfer functions to at least 
some of the plurality of front sound signals to generate modified front 
sound signals, each of said modified head related transfer functions 
formed as the difference between a front head related transfer function 
corresponding to a front signal of the first plurality of front signals 
and a selected front head related transfer function. 
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4. The method as set forth in claim 1, further comprising 
the step of applying additional spatial cues to the modified rear sound 
signals to generate spatial cued rear sound signals, said spatial cued 
rear sound signals comprising signals identified as corresponding to a 
first channel and signals corresponding to a second channel, 

5. The method as set forth in claim 1, further comprising 
the step of applying spatial cues to selected ones of the first plurality of 
front signals to generate spatial cued selected front signals, said 
modified selected front signals and unselected front signals 
comprising signals identified as corresponding to a first channel and 
signals corresponding to the second channel. 

6. The method as set forth in claim 2, further comprising 
the step of generating modified head related transfer functions. 

7. The method as set forth in claim 2, wherein the selected 
head related transfer function corresponds to the front center signal. 

8. The method as set forth in claim 5, wherein the step of 
applying spatial cues to selected ones of the first plurality of front 
signals comprises the step of adjusting the signal levels of the selected 
ones of the first plurality of front signals to enable a listener to 
spatially distinguish locations of origin of the different sounds. 

9. The method as set forth in claim 5, wherein the step of 
applying spatial cues to selected ones of the first plurality of front 
signals comprises the step of adding time delays to the selected ones of 
the first plurality of front signals to enable a listener to spatially 
distinguish locations of origin of the different sounds. 

10. The method as set forth in claim 4, wherein the step of 
applying additional spatial cues to the modified rear signals comprises 
the step of adjusting the signal levels of the modified rear signals to 
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enable a listener to spatially distinguish locations of origin of the 
different sounds. 

11. The method as set forth in claim 4, wherein the step of 
applying additional spatial cues to the modified rear signals comprises 
the step of adding time delays to the modified rear signals to enable a 
listener to spatially distinguish locations of origin of the different 
sounds. 

12. The method as set forth in claim 4, wherein the step of 
applying additional spatial cues comprises the step of adding a phase 
disturbance between rear signals. 

13. The method as set forth in claim 12, wherein the step of 
adding a phase disturbance comprises the step of inverting a phase of 
one of the modified rear signals to enable a listener to spatially 
distinguish between front and rear locations of origin of the different 
sounds. 

14. The method as set forth in claim 1 further comprising 
the steps of: 

inputting the first combined signal to a first channel of a stereo 
headset; and 

inputting the second combined signal to. a second channel of a 
stereo headset 

15. The method as set forth in claim 1, further comprising 
the step of applying a 90 degree phase shift relative to the front signals 
to the rear signals. 

16. The method as set forth in claim 1, further comprising 
the steps of: 

outputting the first combined signal through a first speaker; and 
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outputting the second combined signal through a second 
speaker. 

17. The method as set forth in claim 2, wherein the selected 
HRTF subtracted from each HRTF of a rear signal is different for at 
least some of the plurality of rear signals. 

18. An apparatus for generating two channels of sound 
signals from a multiplicity of sound signals, said multiplicity of sound 
signals comprising a first plurality of front signals and second plurality 
of rear signals, said apparatus comprising of: 

a plurality of inputs for receiving a plurality of sound signals; 

a processing device for receiving a plurality of sound signals, 
said processing device, applying modified head related transfer 
functions to the second plurality of rear sound signals to generate 
modified rear sound signals, said front signals comprising signals 
identified as corresponding to a first channel and signals 
corresponding to the second channel, said modified rear sound signals 
comprising signals identified as corresponding to a first channel and 
signals corresponding to a second channel, combining the signals 
corresponding to the first channel to generate a first combined signal, 
and combining the signals corresponding to the second channel to 
generate a second combined signal. 

19. The apparatus as set forth in claim 18, wherein each 
modified head related transfer function is the difference between a 
selected front head related transfer function and a rear head related 
transfer function that corresponds to the rear sound signal the 
modified head related transfer function is applied to. 

20. The apparatus as set forth in claim 18, wherein said 
processing device further applying spatial cues to selected ones of the 
first plurality of front signals to generate spatial cued selected front 
signals, certain of the spatial cued selected front signals identified as 



98/33356 



PCT/US98/01048 



19 

corresponding to the first channel and certain of the spatial cued 
selected front signals identified as corresponding to the second 
channel. 

21. The apparatus as set forth in claim 18, wherein the 
processing device further applies modified head related transfer 
functions to at least some of the plurality of front sound signals to 
generate modified front sound signals, each of said modified head 
related transfer functions formed as the difference between a front 
head related transfer function corresponding to a front signal of the 
first plurality of front signals and a selected front head related transfer 
function, said spatial cues applied to said modified front sound 
signals. 

22. The apparatus as set forth in claim 18, wherein said 
processing device further supplies a 90° phase shift relative to the 
front signals to the rear signals. 

23. The apparatus as set forth in claim 18, wherein said 
processing device further applyies additional spatial cues to the 
modified rear sound signals to generate spatial cued rear sound 
signals. 

24. The apparatus as set forth in claim 23, wherein the 
additional spatial cues applied to the modified rear signals comprises a 
phase disturbance between rear signals. 

25. The apparatus as set forth in claim 24, wherein the phase 
disturbance is generated by an inversion circuit which inverts the 
phase of one of the rear signals. 

26. The apparatus as set forth in claim 23, wherein the 
additional spatial cues applied to the modified rear signals comprises 
time delays. 
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27. The apparatus as set forth in claim 23, wherein the 
additional spatial cues applied to the modified rear signals comprises a 
level adjustment 

28. An apparatus for generating two channels of sound 
signals from a multiplicity of sound signals, said multiplicity of sound 
signals comprising a first plurality of front signals and second plurality 
of rear signals, said apparatus comprising: 

a first set of frequency response alteration units configured to 
applying modified head related transfer functions to the second 
plurality of rear sound signals to generate modified rear sound signals, 
said front signals and modified rear sound signals comprising signals 
identified as corresponding to the first channel and signals 
corresponding to the second channel; 

a first combining unit to combine the signals corresponding to 
the first channel to generate a first combined signal; and said signals 
corresponding to the first channel include selected front signals 

a second combining unit to combine the signals corresponding 
to the second channel to generate a second combined signal said 
signals corresponding to the second channels include front signals 
other than the selected front signals. 

29. The apparatus as set forth in claim 28, further comprising 
a first set of spatial cues units coupled to receive selected ones of the 
first plurality of front signals to generate spatial cued selected front 
signals, said modified selected front signals and unselected front 
signals comprising signals identified as corresponding to a first 
channel and signals corresponding to the second channel. 

30. The apparatus as set forth in claim 28 further comprising 
second set of spatial cue units coupled to receive the modified rear 
sound signals to generate spatial cued rear sound signals, said spatial 
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cued rear sound signals comprising signals identified as corresponding 
to a first channel and signals corresponding to a second channel. 

31. The apparatus as set forth in 28, further comprising a 
second set of frequency alteration units that applies modified head 
related transfer functions to at least some of the plurality of front 
sound signals to generate modified front sound signals, each of said 
modified head related transfer functions formed by removing a 
frequency response of a front head related transfer function 
corresponding to a front signal of the first plurality of front signals, 
said spatial cues applied to said modified front sound signals. 

32. The apparatus as set forth in claim 30 wherein the second 
set of spatial cue units comprises a phase disturbance circuit. 

33. The apparatus as set forth in claim 32, wherein the phase 
disturbance unit comprises an inverter to invert a phase of one of the 
rear signals. 

34. The apparatus as set forth in claim 30, wherein the 
second set of spatial cue units comprises at least one time delay circuit. 

35. The apparatus as set forth in claim 30, wherein the 
second set of spatial cue units comprises at least one level adjust 
circuit. 

36. The apparatus as set forth in claim 28 further comprising 
a phase shift circuit coupled to receive the second plurality of rear 
signals and coupled to output signals phase shifted 90° relative to the 
front signals to the first set of frequency response alteration units. 
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